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Accompanying Equipment In all these types of fiberscope, the fiberscope was connected to an illumination source. The obtained changes were transmitted via a CCD camera to a videoconverter and were recorded on 8, 16 or 24mm videotapes, or on 16mm color cinefilms at 25 frames/sec (Fig. 5) . When necessary, the changes recorded on videotape could be printed out by color videoprinter (Sony Co. Ltd., Tokyo) for confirmation of the changes.
Patients and Procedures
One hundred and twenty-nine patients underwent coronary angioscopy (91 men and 38 women; 5 to 76 years old; 9 with chest pain without significant coronary stenosis angiographically, 61 with stable angina pectoris, 16 with unstable angina pectoris, 20 with old myocardial infarction, 8 with acute myocardial infarction, 10 after coronary bypass grafting, and 5 with Kawasaki disease (Table I) . Successful observation was defined as observation of one half or more of the circumference of the targeted segment. Informed consent for angiography, angioscopy and/or PTCA was obtained from all adult patients and from parents or guardians of the children. All adult patients were pretreated with oral diazepam (10mg) before being transferred to the catheterization laboratory. A 7 French sheath was introduced into the right femoral artery. Then, 5,000IU heparin were injected intravenously.
After pressure recording, left ventriculography and coronary angiography, the sheath was replaced by an 8 or 9 French sheath. For observation of the proximal coronary artery, a 7 or 9 French guiding balloon catheter was introduced through the sheath into the coronary artery. Then, a 2.6 or 4.2 French fiberscope was introduced through the guiding catheter into the proximal coronary segments. During observation, the fiberscope was advanced or pulled back for serial observation (Fig. 6) .
In other adult patients, the sheath was replaced by a 9 French sheath, through which a 9 French guiding catheter, which is used for PTCA, was introduced into the coronary artery, a 5 French guiding balloon catheter was introduced over a 0.014 inch guide wire into the coronary artery, and then a 1.4 French fiberscope Table I . Subjects Angioscopically, the luminal surface was smooth and light yellow in color. In addition, the angle of bifurcation was sharp (Fig. 7) . Similar changes were observed in 8 other patients with chest pain with ages below 40 years and with angiographically smooth coronary arteries. The coronary segments, especially the left anterior descending artery (LAD) collapsed or expanded in synchrony with each cardiac beat during saline infusion in these patients. Nonstenotic coronary segments were also observed in 43 other patients with angina pectoris or old myocardial infarction. Angiographically, 20 segments were somewhat uneven, 14 had corkscrew distal branches, and the remaining 9 had smooth luminal surfaces. Angioscopically, however, 14 segments were white colored ( Fig. 8) , 29 segments were yellow colored ( Fig. 9) , and 30 had spiral folds (Fig. 10 ). 2. Angioscopic features of stenotic coronary segments Angioscopically, the stenotic coronary segments were composed of regular plaque (smooth surfaced) and complex plaque (irregular with or without ulcers, bleeding, thrombus and/or dissection). Figure 11 represents an angiogram of the LMT and angioscopic features of the same segment. Angiographically, this LMT had a smooth concentric stenosis which extended to the LAD and LCX. Angioscopically, the segment was composed of white and smooth plaque (regular plaque), and the blood flow into the residual lumen could be observed during diastole. Such white colored regular plaques could be observed in 17 of 90 segments (Fig. 12) . Figure 13 shows angiographically smooth eccentric stenosis in the proximal Jpn. Heart J. LAD. Angioscopically, this segment was composed of smooth yellow plaque (artheromatous or xanthomatous). Such yellow regular plaque was observed in 27 segments. Also, regular and brown colored plaque was observed in 6 segments (Figs. 12, 14) . In addition to these plaques, regular plaque, with yellow and white portions distributed in mosaic fashion, was observed in 6 of 90 segments (Fig. 12) . Different from these regular plaques, complex plaques were also observed in 18 of 90 segments; namely, irregular plaque alone comprising the stenotic segment (Figs.  15A, 16 ), irregular plaque with ulcer ( Fig. 17) , and irregular plaque with dissection and/or bleeding or thrombus (Figs. 15B and 12 ). These complex plaques were observed more frequently in patients with unstable angina pectoris (Fig. 18) . Occlusive thrombus was also observed in all 5 patients with acute myocardial infarction and in 2 of 12 patients with unstable angina pectoris (Figs. 18 and 19) .
The thrombus was red and white in mosaic fashion indicating a fresh mixed thrombus in 4 patients. In the remaining 3 patients, the thrombi were white colored, indicating platelets and/or fibrin thrombi. Although the thrombi were detected, it was impossible to differentiate these two kinds of thrombi by angiography. Different from these two types of thrombi, a doughnutlike thin mural thrombus surrounded the inlet of a stenotic segment which was composed of a white and smooth plaque in a patient with unstable angina pectoris (Fig. 20) . Although the plaque itself was regular, it was classified as a complex plaque since it accompanied the thrombus.
3. Angioscopic features of saphenous vein graft Three to 12 months after coronary bypass surgery, angioscopy of the grafted saphenous vein was performed in 10 patients.
A significant stenosis was angiographically observed in 2. Both portions anastomosed to the aorta and to the native coronary artery were observed in all segments. The angiographically stenotic segment was composed of white plaque in 1 and organized thrombus in 2 patients (Figs. 21 and 22 ). 4. Angioscopic changes induced by PTCA Twenty-nine patients (18 with angina pectoris alone and 11 with angina pectoris and old myocardial infarction) underwent coronary angioplasty and angioscopy. Before PTCA, the target lesion was composed of regular plaque in 24 and complex plaque in 5 segments. Figures 23 and 24 show, respectively, the angiographic and angioscopic changes in the stenotic distal segment of the right coronary artery (RCA) in a patient with stable angina pectoris. Angiographically, the stenotic segment was eccentric but smooth surfaced. The segment was successfully dilated with residual stenosis of less than 25%. Angioscopically, the plaque was light yellow and relatively smooth before PTCA and the plaque was smoothly compressed by PTCA.
In a patient with stable angina pectoris, the stenotic proximal LAD was eccentric but smooth angiographically. The segment was dilated smoothly, at least angiographically (Fig. 25) . Angioscopically, however, at least 3 intimal flaps were identified immediately after PTCA (Fig. 26) .
In addition to these small intimal flaps which could not be detected angiographically, large intimal flaps were identified both by angiography and angioscopy in 2 other patients (Fig. 27) . Thus, various changes were observed after PTCA, including cleft or dissection in 12; fracture of plaque, namely irregular compression with multiple small flaps in 5; endothelial exfoliation in 26; intimal bleeding in 13 and thin mural thrombi in 7 segments. On the other hand, plaques were smoothly compressed with successful dilatation in the other 10 segments (Fig.  28 ).
Relationship between angioscopic changes of the plaques before and after PTCA
Cleft and dissection were produced by PTCA in white plaques more frequently than in yellow or brown ones, while yellow or brown plaques were smoothly dilated more frequently than white plaque (Fig. 29) . remodeling and disappearance of haziness and attacks. Similar changes were observed in 2 other patients. In I patient, compressed yellow plaque was swollen within 10min of observation.
Identification of the PTCA-induced changes by angioscopy and angiography
Even small changes such as endothelial exfoliation, bleeding and thin mural thrombi were frequently observed by angioscopy. However, they were never identified by angiography (Fig. 32) . Figure 34A shows endothelial exfoliation in a segment proximal to the targeted lesion and 34B shows a thrombus on the guide wire. However, they could be identified by angiography in only one patient (Fig. 35 ).
9. Angioscopic changes seen chronically in the coronary segment dilated by PTCA Percutaneous coronary angioscopy was performed 1 to 12 months after PTCA in 9 patients. Figure 36 shows angioscopic and angiographic changes in a coronary segment before, immediately after and 12 months after PTCA.
Immediately after PTCA, fracture of a white plaque with multiple flaps and mural thrombi was observed.
Twelve months later, however, these changes disappeared and the dilated segment was smooth and brown in color, and reflected illumination resembling polished German silver. The dilated segment was smoothly reconstructed in 7 (Fig. 37A ) while irregular changes remained in 2 patients (Fig. 37B) . Smooth or irregular surfaces, and white, yellow or brown coloration seen in the chronic stage were not related to the changes noted before PTCA nor to those seen immediately after PTCA (Fig. 35) . The dilated segment reflected illumination in a manner similar to polished metal irrespective of the types of changes.
Complications
Unfortunately, acute myocardial infarction occurred during coronary angioscopy in 2 patients; immediately after observation beyond the stenotic segment in 1 patient with unstable angina pectoris and during observation of thrombus in a patient with Kawasaki disease. Depression or elevation of the ST segment and appearance of giant negative T waves on the electrocardiogram occurred frequently (Fig. 36) . They disappeared immediately after deflation of the balloon of the guiding catheter.
Neither signs and symptoms suggesting systemic embolism nor bleeding at the punctured inguinal region occurred in any patient . 
COMMENTS
The results of this study indicate that percutaneous fiberoptic angioscopy of the coronary artery using a guiding balloon catheter is feasible and useful for macroscopic pathological diagnosis of the coronary luminal changes and for evaluation of interventional treatment.
In a preliminary study, we used a guiding catheter without a balloon for percutaneous coronary angioscopy in which a power injector was required to in- ject a large amount of saline for displacement of the blood.16) Also, a fiberscope with a steerable guide wire was required to obtain good coaxiality.19) Compared to these previously used systems, the guiding balloon catheters used in this study effectively stopped blood flow and minimized the saline required for displacement of the blood. Furthermore, a 5 French guiding balloon catheter with a tip deflector was useful in obtaining good coaxiality. The overall success rate was higher than those previously reported. By using new fiberscopes with an increased number of glass or quartz fibers, color quality became more accurate and resolving power was much increased. In this study, the coronary luminal surface was smooth and light yellow in Jpn. Heart J. May 1992 color, and the luminal diameter changed in synchrony with each cardiac beat, indicating that the vessel wall was thin and soft. Bifurcations to distal branches were sharply edged in young patients and without demonstrable changes. Therefore, such angioscopic features are considered to reflect the normal coronary luminal surface. In more aged patients, especially in those angiographically exhibiting a corkscrew coronary artery or uneven luminal wall but without obvious stenosis, the luminal surface was angioscopically yellow or white in color, the diameter did not change in synchrony with the cardiac cycle, and spiral folds and bluntly edged bifurcations were frequently observed, suggesting thickening of the wall. The yellow coloration may indicate diffuse but thin deposition of fat and white coloration may indicate fibrous thickening. The spiral folds observed in this study were also observed in nonstenotic coronary segments in patients with ischemic heart disease as was reported before. 16) The plaques which composed the stenotic segments were angioscopically classified into smooth and irregular plaques. The smooth plaques were further divided into smooth white, smooth yellow or brown, and smooth with yellow and white portions distributed in a mosaic fashion. The irregular plaques were classified into those with or without bleeding, thrombus, ulcer, and/or dissection. The former and latter groups were respectively called "regular" and "complex" plaques according to Sherman.13) Taking into consideration the coronary luminal changes observed during autopsy, the white plaques were probably composed of thick fibrous tissues with or without atheromatous tissue beneath them. Yellow or brown plaques were probably due to atheroma with thin fibrous caps. Ramee et al22) observed thrombus on plaque and dissection of plaque, namely complex plaques, more frequently in patients with unstable angina than in those with stable angina pectoris. Also, complex plaques were observed in the majority of patients with unstable angina pectoris in this study.
Recurrent luminal obstruction with thrombi may be the mechanism of recurrent anginal attacks in patients with unstable angina pectoris and sustained obstruction with thrombi may lead to acute myocardial infarction. In a patient with unstable angina, a doughnut-like thin thrombus surrounded the inlet of a smooth stenosis, namely regular plaque. Probably, recurrent occlusion of the stenotic segment by the detached thrombus resulted in recurrent attacks.
Luminal changes in the grafted saphenous vein were also observed in several patients. Percutaneous angioscopy may be useful for observation of the process of saphenous vein obstruction which not infrequently occurs in a certain group of patients.
The coronary luminal changes in patients with Kawasaki disease were observed first by Uchida et al.20) In one such patient the luminal surface of the aneurysm was white and uneven, suggesting fibrosis without fat deposition. In Kawasaki disease, thrombi frequently formed in the aneurysm and their shadows were hitherto observed by echocardiography or angiography. In this study, a giant mixed thrombus was identified by angioscopy. In this category of disease, the coronary aneurysm is gradually narrowed and finally changes to stenosis or obstruction. Hitherto, it had been suggested that the thrombus becomes organized, resulting in stenosis or obstruction. In this study, the stenotic or occluded segment was white, suggesting that excessive fibrosis resulted in stenosis or obstruc-tion.
PTCA was performed in 29 patients, 24 with stable and 5 with unstable angina pectoris. Various types of changes were observed by angioscopy immediately after PTCA as were seen during in vitro experiments using removed human coronary artery.21) The stenotic segments were smoothly dilated in 10 segments. In these patients, smooth compression of the plaque could be identified by angioscopy. Such smooth dilatation was more frequently observed in yellow or brown plaques.
On the other hand, dissection and cleft were more frequently observed in white plaques.
Probably, white plaques were mainly composed of fibrous tissues and were less distensible, and therefore were more easily split by balloon distension, resulting in cleft or dissection.
Although large changes induced by PTCA, such as dissection, were detected by angiography, small changes such as mural thrombi, endothelial exfoliation and bleeding could not be detected by angiography, indicating that angioscopy is more suitable for detection of such small changes.
In addition to the changes in the target lesions, mechanically induced changes were also observed in the segments proximal to the target lesions. Whether these unwanted lesions accelerate atherosclerosis or result in acute occlusion remains to be elucidated.
In the chronic stage, the segments dilated by PTCA were either smoothly or not smoothly repaired. However, the relationship between the plaque character before PTCA or changes immediately after PTCA with those seen in the chronic stage was not obvious in this small group of patients.
The luminal surface of the dilated segment reflected illumination, resembling polished German silver, irrespective of the smoothness of the surface. This change was characteristic of dilated segments. The shape and arrangement of the regenerated endothelial cells or the structure of the regenerated subendothelial tissues may have been different from those seen before PTCA. Unfortunately, acute myocardial infarction occurred in 2 patients during coronary angioscopy.
Therefore, angioscopic observation should be performed carefully. During infusion of saline, electrocardiographic changes such as STsegment changes or giant negative T waves occurred in all patients.
However, the changes disappeared spontaneously in all but the above mentioned 2 patients.
In this study, the overall success rate of percutaneous coronary angioscopy was around 86%, despite the use of improved guiding catheters.
Further improvement of the angioscope system is required to increase the success rate. In the near future, coronary angioscopy will be able to be used to select the target lesion and to guide the micromachines used to treat the lesions. Also, the angioscope incorporated in the ultrasonic catheter can be used for diagnosis of changes of not only the coronary luminal surface but also of wall structures.
